
Description TITLE OF THE INVENTION         NI-PLATEE PELS SHEET FOR BATTERY
CAN HAVING EXCELLENT PRESS FORMABILITY TECHNICAL FIELD [0001]         The
present invention relates to a NJ.i-ptated steel sheet for a battry can
which, exhibits excellent press formability. BACKGROUND ART [0002]
Conventionally, a. Ni-plated steel sheet has been popularly used as a
material for manufacturing battery cans, Also, to further enhance the
corrosi_on resistance of an outer surface of a battery can, there has been
used a Ni-plated steel sheet. where Ni. plating is formed on a surface of a
steel sheet corresponding to an OUter surface at: abattery cartand,
thereatter, a Fe-Ni diffusion layer is formed by applying heat treatment to
the Ni-plated steel sheet.          As properties which such a Ni-plated
steel sheet for manufacturing a battery can :Ls required to possess,. the
stable press formability can be named along with the excellent battery
characteristic and the excellent corrosion resistance. The stable press
formabilitymeans that the scratches are not: formed on a battery can and no
seizure is generated at the time of press forming. Press formability is an
important factor in terms of  product ivisd tor preventing preSS machine
from being shut. because of maintenance done on a mold. }id t here itr; t
erMS(er:Ar.i. OTIM.eht, therehaseeena demand :J01: he redu ctionerr,/
on2ii.en t. a 1 toad by usa .r.-Iongan solvent and non--alkali (2-icaning
',There cleaning after pressing is performed 1...,shng an aqueous solurion
cohta-ining a surface active agent.           AccordingI y there has been a
demand fi.D r. a NI -plated steel sheet which enables the manJfacture of a
battery can by press for:Icing even when a water-based emulsion or a press
liquid GE Law viscosity is iS5ci,           1.'or exampie, pat.eni;
document I. ( japanese Patent 4051.01.2) discloses aNi-piate (a steel
sheet. for abat tiE:Tal Can where Fe-Ni               layer or a 1-re-lcsi
diffuilon layer and a Jr.ecrystall'. zed softened 1\11--plated laver -which
:Ls formed on the Ile-Ni diffusion layer are. formed on a surface of. a
steel. sheet corresponding to an out er surface of the battery can, and a
Ni-plated layer cont...a.Lning a brightening agent. or a semi-brightening
agent 1.5 formed on the above-mentioned layer, and an. average surface
roughness Rat of. the Ni-plated layer is set to 0.5 cm or 7:ore, Also in
such a Ni-plated steel sheet, a. coating. weight of the Fe-Ni dif ft.sion
layer or a coating 1...,eight o.1 the Noe---Ni layer and the recrystallized
softened. Ni-piated. layer formed on the Fe-Ni diffusion layer is 5 to
45.11/PI in terms ad Ni (a Ni amount at thediffusion layer or a total Ni
amount at the Fe-Ni diffusion layer and the recrystallized softened
NI-plated layer formed on the Fe -Ni. diffusion layer, and a.
coatindweicifftoftheaLatedlEwercorrtn,DYIngthebrightening Cgent. ()I: the
semi-br:Li"natpant is, in terms; of Ni, 0.5 q../mT 



or more and. less than an Ni of a .Layer tne ii-plated layer (the Ni amount
of the Ile -Ni diffusion layer or the total NA anK)lant. of the Fe -Ni
diffiLsion layer and the recystallized softenedIa -plated layer formed sn.
the Fe -Ni. diffusion layer).           Further, patent document 2
(Japanese Patent. 4051021) discloses a Ni -plated steel sheet for a battery
can where an Fe -Ni. diffusion layer is formed on. a. surface of a steel
sheet corresponding to an outer surface of. the battery can and a Ni
-plated. layer. containini a brightening agent or a semi -brightylng agent.
is formed. on the Fe-Ni diffusion le.Tar, average roughness Ra of the Ni
-plated layer Is 0.1...)m cr. more and lam or less, and its Pmax is lam or
more and 10am or less. Also in such a steel shcnet, a coating n..:E.c4nt of
the Fe-Ni diffusion layer tab  Lc 452/m2 in terms of Ni and a c!cat.ing
weight of the Ni -plated layer containing- N- agent or the semi-brightening
agent is 0.5 to 20g/m." in tarmac)f Ni. Prior Art Dociirrent Patent
Document [00041 Patent documentJapanese Patent 4051012 Patent document 2:
Japanese Patent. 4051.021. SUMMARY OE THE INVENTION PROBEENS THAT THE
INVENTION IS TO SOLVE            However, with respect to the
above-mentioned. Ni-plated steel sheets disclosed in patent documents I and
2, at the ti= otusimganactweons-emuision-basedpressliquidadapressliegid.
for a lubricant in a drawing step, scratches are generated on an outer
surface of a. battery can or seizure is generated on a meld thus giving
rise to drawbacks concbrnir:g vie quality of cans.            The present
invention. has been made to overcome such conventional drawbacks, and it is
an object of the present invention to provide a Ni-plated steel shee,i ter
a can having the excellent press formabiiity witiie preventing the
generation. of scratches .and the gdmeratiort ot s.el.zure to a MO id at
the trite of forming the battery gan- MEANS FOR SOLVING THE PROBLEMS
(1) Theuresent invehttonid:directedt)aNi-piatedsteei sheet for a battery
can haying excellent press formability,            an Fe -Ni. diffusion
laver and a. softened Ni. layer formed on the Fe -Ni dirfusion layer are
formed on a surface of a steel sheet corresponding to an outer surifacc: of
the battery can, a sbright NI. rdirting iiisfer.fidn.ded on the .softened
Ni            a. Ni. coating. weight. of the Fe-Ni diffusion layer and the
softened Ni layer formed on the, Fe-Ni diffusion layer is set  smaller than
a Li. coal:A.ng weight of the semi-bright Ni plating layer,         average
roughness .1,-Z a .0 f the semi-bright Ni. pThf ing layer measured by a
traceable roughness gauge is 1.0p.m or more and 2.0pm or less, and a
caa.:CI:IMM height Ry of the sami -bright Ni plating layer measured by the
traceable roughness gauge is Sgm or more and 20gm or less, and
surface roughness Ra of a surface of the semi-bright Ni plating layer in an
area of 2.5pm x 2,5pm. whdch is obtained by an atomic force microscope
fails within. ranee from 5 to 22nm,         (2) In the Ni-plated steel
sheet for a battery can having excellent nress tormabsait:y having the
above -mentioned constitution CI.) , the Ni coating wel1.411:: of the Fe-Ni
diffusion layer. and the softened Ni layer formed on the Fe -Ni diffusion
layer is 5 to 8g./M2, and the Ni. coating weight of semi-bright Ni platdng:
layer is g / or more, ADVANTAGEOUS EFFECTS OF THE INVENTION 



0007          The present invention can provide a -p a ed steel sheet for a
can having the excellent. press fgrmatH 1.ity le preventing the generation
of scratches and the generation of: seizure to a. mold at the time of
forming the battery can. Mode for Carrying Out the irtvention. [0008]
According to an embodiment 1 of the present invention,  expellent press
tbrmability, wherein an Fe-Ni diffusion layer arid. a sc..,fLened Ni layer
formed. on the ]-1.53--Ni diffusioa. layer are formed. on. a surface of a
steel. sheet corresrK)m-ding to an ou.tef surface of the battery cat, a
semi-bright Ni plating layer is forme:dor:the sottenedNi layer, aNj coating
weight of the Fe -Ni diffusion -iayer and the softened. Nil ayer formed on
the H'e-Ni diffusion leyer is set smaller than a Ni coating. wejiht of the
' Ni plating layer, average roughness Ra of the semi-tyciphtNi. plating
layer.. measured. by a traceable roughness gauie L.Op.m or more and 2.0:17.
or less, a. mazimumhe ht Ry .,,ye.a.:.Yc'red by the traceable roughness
gauge is Spm or. more and 20pm. or less, and surface roughness Re' of a
surface of the c3em.-1 Ni. olet-ina lay: in an area of 2,5mm x 2.5p.m which
is obtained by an atomic force microscope f.alls 1,.,ithin a r"ange fro7. 5
to 22nm.         Further, according to an. embodiment 2 of the present
Invention, in the ).1 A. -plate ci steel sneet. for a battery can having
excellent press formabiliLLy in the a.,..x.v...reucm.entioned (1) , Ni
ccm.-Ling weight of the Fe -Ni diffusion layer and the softened NIL ayer
formed. on. the F,e-Ni diffusion. layer is 5 to ag/r.U, and the NJ. coating
weight. of the semi-bright Ni cl.efing laver is h-/p-c or TaC)re..
litre ambodlmcmts of the present. invention are explaineCl. in detail.
hereinafter. [0003] <Steel sheet> Usually', a low carbon aiuminum-killed
hot-rolled coil  i s la s e d ,a sanorigin al. s he.etofaNi--p .1_.a. t e
{,,N.r.teels. ii e. etFurther, a coil which is formed of eztremely -low
carbon steel. which contains 0.003 weight% or less of c.arbon., or a coil
which is fl.-.:rmed of .n...-in--miaq.-2inni: ,..-.'.on'(...h.haoula.r.
cast steelLmalha.fli'...ct.ured. by ,addimp niobi am and titanium tc, the
e;tre.me.l.y-low carbon steel is used, <72retreatlment before oiatind>
As pretreatment be tor e N i p.lating , usually, a scale (oxide ri lin ) t
ol:meo on a zwirtace ot El C.: C.) i d - I' 0 11 E: d steel sheet is
removed. by armly.:big electrolytic clearLUig or cleaning by immersion to
tne co id -ro i l.e 0, sheet using Et 1"1 ai...K.ali.. solution cant a
ining catic soda as a main agent. R.f,=. ter the scale is removed: the
steet. sheet is rolled to a product thick.ness in a cold-rCil Lind step-
<Annealing>           After rolling oil which adheres to the steel sheet in
rolling in cleaned by electrolytic: cleaning, the steel sheet is annealed.
Annealing may be ber.1:cp.riaed by either one of con.tli.rndolns anneaLing
and Pas an.neali.n.," and is fl. 0 t liailted specifically. After annealing
is applied to the steel sheet, a shape of the steel. sheet i 5 7;.0 d <Ni
plating> 



Ne::.,:-.1:, Ni lating is applied to the steel sheet.           In c;
eneral, alt liou.,q h. a Ni sill f a t.e bath. which is referred to as a
watt ba.th is mainly used. as a Ni pla.ting bath"- besides  thesulfate,:
bath, a Ni 5..:uiranamte pi:at:int] bath, a tlwartioorete plating bath; a
chii_or ide bath. or tine like can .be used , A coat:Mit; ',,vel.ght or.
Ni. plating in performing plating using these bathes is not specitically
limited. H(wever, a Ni. coating weight is preferably set to 5 to in a case
where tne Ni. coatingweight is: less than when heat diffusion. treatment is
performed, a Nd layer which is softened (softensdNi layer) is not formed
andthewhole layer becomes the Fb-Ni diffusion layer and hence, the steel
sheet becomes disadvantageous in terms of corrosion. resistance.
On the other hand, the reason the Ni. coating weight. is
setto3gimorlessistopreventathiclme.ssofthe're-Nidiffusion layer from
becoming Larger tnan necessary in an a.nnealing step,            That is,
there eHists a tendency th:zt. when a Ni coating weight of the diffusion
layer is large, a thickness of the Fe Ni.- diffusion layer is usually
increased, and the Fe diffusion layer becomes harder than the sofLened Ni.
layer hr a iron base inaterial bjyr annealing, 11\ccordingly, when the
ife-Ni diffusion layer haadng a thickness larger than necessary is formed,
cracks are generated in the Fe diffusion layer at the time of forming a
battery can leadln to the exposure of the iron base material. thus
adversel. influericinq 1111710 CarrOSIOXI re51.5tianCe,
Filiither, When Li.le tihiCkneSs at the Fre-N]. Cil.tTIUSILC:41 layer is
large, in. press-forming a baLtery can, a. load for working' a thick: and.
hard. pia aed film becomes nec. es sa ry and hence, a load applaed to a 1:i
:old. thusri.se to a possibilit thatwear  on the mold is induced
With respect to electro isis conditions for acquiring a plat:inq
:-.....icknessf a case ....rriere a typical war_t bath Is used Is expie
lord. inthiscase.,:theplatfrioth.ri.clmescarae.E..cguired under the
electrolysis conditionp where a bath. has the bath composition 50-0 010150
200 to 350g/r of nickel sulfate: 20 to 50g/Il of nic...lmel chloride and 20
to 50g/L of boric aci..d, has pH of 3.6 to 4..6 and has a bath temperatnre
oi 50 to 65C, current density is set to 5 to 50-Altfra2 and the nrmter of
ccruloffL is set to approximately 170 to 15(lOcidm2.         Eir:die,
besides matte Ni pla-ittng wt.:came an ofl-janic compourid isnotaddedtoa
platirighathe.z.cept. for a-pitpreventi.o.n,qcnt, Selri -bright plating
where an organic compound referred to as leveling agent which makes a
precipitated crystal. surface of a plating. layer smooth. is added. to a
plathfrig bath, and. bright -' plating where an organic compound Iahich
contains sulfur component for making. a platirig. layer bright by making
the Ni plating crystal structure. fine with the further addition of. a
"cycling-agent tea. platin.c"roatharerramed.. However, Nipiating
whichisrormedusingabaclmThereanorgani.ccompounklcontlainiho a sulfur
component is added to the bath is not preferabl.e as Ni plating. of the
present. invention_         This is because, in. thermal diffusion
treatment which follows Ni plating as a next. step- after, a. sulfur
containing compound intrades into a platino layer and hence, brittlehess
isca.dsed.att..h.etimeoLftsattreatqm.ehtt.husdetridratiligvar'ious
properties such as corrosion. resistance.,  ;00131 <Diffusion> Next, heat
treat.nent for forming a Fe-Ni di.ffusion. is performed after Ni plating,
This heat treatment is provided for increasing adhesiveness between base
steel and a plating layer. The heat treatment also forms a Fe-Ni dittusi on
layer, and leaves a softened Ni plating layer on the Fe-Ni diffusion 



As a method for diffusins Ni by heat treatment, a method which .uses a
continuous annealing 1,1rnace or a method i,,,Thich uses a box-like
annealing furnace is named. in the method which uses tne conti.nuous
annealing .flirnace, usua m_ diffusion temperature which falls within a
range from 600C to 700C and    Ni diffusion time which falls within a range
from 30 seconds to 120 seconds are used in Usual Ni diffusion, by heating,
An annealing atmosphPre may be a non-oxidisat.ion p.rotective as atmosphere
or a reduction protective gas atmosphere.           In the present
invention, as a heat treatment method by box "annealing, preferably used is
the heat treatment which uses a protective gas con.si sting of IP% of.
hydrogen and 25% of nitr.ogen. produced by an ammonia crack method referred
to as hydrogen rich annealing with favorable heat. transfer. In this
method, favorable .unifo.rmi..ty or temee.ratilre distribution is
acgilireci in the inside of a steel strip in the lonitudinal. direction. as
well as in the widthwise direction of the steel strip and hence, the method
has an advantageous effect that the i=eqularities in the Fe-Ni. diffusion.
layer in the inside. of  the stPel strip or tbe 1r-regularities in the
Fe-Ni diffusion layer between steel strips can be decreased. [0014] <Temper
roiling>         After di ffusion treatment, the steel sheet. is rolled by
temper rolling sP, that mechanical. properties are imparted to the steel
sheet, and the surface rcy.:4nness of the Ni plating layer which forms S
0.17 face becoming en outer surface of a can is adjusted to a
predetermined. roughness, The temper rolling is performed such that average
roughness Re obtained by- a traceable roughness gauge becomes 1.0vm or more
and 2,0pm. or less, and a maximum height Ely becomes Spm or more and 20pm
or. less. This is because by aThiLsting the average roughness Na and the
maximum height Ely within such ranges, it is possible to set the average
roughness Re and the maximum height Ely after-succeeding re-plating within
predetermined ranges, NOM] <Re-plating of semi-bright Ni p-iating>
After adjusting surface roughness to predetermined roughness by termer
roiling, semi-bright Ni. plating of Eight': or more is applied to the Ni
plating layer being a surfabe will become an outer surface of a can.
d'ilien a coating weight of serP..-bright plating is less than        a.
semi-bright plating effect does not appear and hence, sufficient press
formab-i I ity cannot. be acquLnEK1- Further, there exists a possibility
that scratches are generated on a wall of a battery can or seizure is
generated on a. mold.          The reason an Ni coating weight. of the Fe
-Ni di fusion layer and the sortened Ni layer formed on the Re-Ni diffusion
layer asset smallerth,anan Ni coatingweightc:ihemi -bright Ne plating layer
is that the Fe-Ni. diffusion. layer formed by annealing- is hard so that
there exists a possibility that cracks are generatedilithe Fe
-Nidiffusjxmlayeratthe time of forming
abatthrycanleadihgtotheezposureofirenbax.Rurlaterialwherety there exists a
possibility that the corrosion. resistance is adversely influenced_
Accordingly, it is necessary to form, by re-plating, the Ni. layer having a
thickness equal to or more than a thickness of the Fe dj ffusi El lever
formedbvannealincj, [001.6] <Average roughness Na after re -plating>.
It is prhferable to set average roughness Na after re-plating to 1,0 to
2"0pm" The reason i5 that wheel average roughness Pa is less than 1,0pm, a.
space between a steel. sheet and. a mold. into which a. lubricant. enters
at the time of press-forming becomes small and hence, scratches and selsure
are liable to be derLerated, J-         Ontheoij=hand,
whena.vera.geroughnessRaez.ceeds2"Opm, the generation of powder particles
from. roughness rolls in a surface roughening step is largely increased
thus indacing quality- defects such as dents caused by powder particles.
Accordingly, average roughness Pa exceeding. 2,4.sm is not desirable from a
viewpoint. of the manufacture,.         To prevant the generation of
scratches and, seizure, it is necessary to impregnate a large amount. of
Lubricant between  E.E:;E?tira '3. 3y comes int. 0 Car3333.313 with the die
will becor. 



a bottom portion sf a battery can, and as the bottom portion is ln.-ardiy
wc-flHaE:d, roaglanss of the steel sheet remains. Ar..ordingiy, by Setting
average roughness ha atter re-plating to 1.0 to 2,0nm, it is possible Lc-
apply an amount or. lubricant which can pfev,,ni- the cjenerat-inn of
scratches on a wail of a battery can or the generation ot seizure t.o a
mole tea surface ot the steel. sheet, 10017; <Ma XIMUTO height Py>
In this embodiment, a range of maximum heiggt ay after re-plating is also
defined by the substantially same reasc for defining average roughness Ra.
That is, with respect to the surface roughness, tendency which is
substantially equal to teridency observed with respect to aric.,...rage
roughness Liaise lso observed with respect to the maximum height 11v and
hence, it is pre ferabl e rose:: the maximum height Py to a value which
falls within a range from 5.0 to 20pm- rlftne reason  for cknIzin in g an
upper It and a lower limit ot     then a nge of cs.Laximufri height Ry is
as same as the reason set forth in cohjuncfion with average roughness Pa.
Rs the reason for such set t1irag, it is thought that when   h(E.= x
11.3TCL3P he 3 ,;;j:] PVIS ic.:Ss than 5,Ourn. a space which is de f ned
between a steel sheet and a Tarad and into which lubricant enters at the
timc: of. pressing becomes small. On the ofher hanO, it is considered that
when the mahimaca  height: Ry exceeds 20m.my the uneveness of the surface
of a Fe-Ni diffusion layer before re-plating is large so that a possibility
that: an iron base material which forms a substrate below the Fe-Ni alloy
layer is exposed is increased, Accordingly, the maximum height R.."
exceeding 20m is not preferable from a viewpoint of ensuring the corrosion
resistance of the steel. sheet. [0018] <Definitions of Pa, Ry>
Definitions of the average roughness Pa and the maximum height Ry are
described in ..:13.5 130601-1994, and this standard should be referenced
with respect to the detail ct the definition
indil4B0601-1994raritrmericaveragroughnessRa(alsoreferred to as "average
roughness Pa" in this specification) is defined as an arithmetic average
height of a roughness curve and is an average value of absolute value
deviations from an average line. On the other hand, a maximum height Ry is
defined as a height fil-om the lowermost hot torn part. to tThe uppermost
top part for every reference  1 e sough e S curve" is a curve obtained
thi2iugh an el(:,,ctric: iii ter and is a curve obtained by removing i OW
frequency components in a curve in cross sect ion, when an. electric
traceable roughness gauge is us&a, I 0 0 1.. 91 <Measuring method of Ray
Ry>           Measuring methods of Pa, Ry are not specifically limitect
provided that a roughness meter adopting a traceable surface roughness
measuring method is used_ A measurement device is  based on tne description
of J15-130651_2001, particub,, y specified    t.n respect tr, the
3T:east:Lin ng m.;:,thods e.xcept tor 111-.Lat. SUDE:Illent is bertOrIlled
tieirig the tree eable surtace roughness .meas-urement device wn.i.c.n. :Ls
cacrLr2raeeci us.ing, a reference sheet; the measurement is performed as
rdilows in tnis embodiment. One eXePaple St MeaSafiSO; MOltbOd is
desc.r]...bed as to_Llows.. 



As the MeeSUr erne:int deviceatraceabJe surface .rouchness measurement
device (surfcom series) ..made Cy TOKYO SEILMIT:311 CO, 121D. is used,.
JIS' 94 is adopted as the measuring condition-That is, the nea.suremr,'rst
is .pe:ncnicined unoier the condi tiOTIS wnere EltIev 1.u..9i:.;
.ortapusutiuct speed: 0 " 4mra,./ seC, cm.t.-off1.0am, a kind of a filter:
Gaussian; a imeasurinci range:gradient correcti.on straIght, ancla ou.t-ott
ratio:                  aVeteCIC r.:Ductne58 Re and the raaXIMUM height
Rist depend on roll rcAlghne5s and a roJ.i.irq 'Load in a temper roiling
step,           The larger the roll to becomes, the larger the rougnness ot
the plated steel sheet to be roi.led by tamper rcil.23. rills" becomes,.
while t.he .iarger the rolling iced, the _Larger t.he
ruughnessofanoutel=ostsurfaceofaplatedsteals:neetbecomes,            it _Ls
possible to adydst. The rougnness of the01.:1,.SerfaCeL surface of the
plated steel sheet by a'.-Husting the rollinq roughness and the rolling
load,           In this embodiment, rolls used for temper rolling are not
spec.itically limited, and EDT rolls can also be used 1:,eside5  shot: dull
rolls. That is, t:kte roils tor fem.per rolling are not Spec f ically
limited provided -Lbat a method where the roughness fails within a range
called for in Claims is adopted. Further, t crape": rolling facilit y is of
a -Galas 1 type and is not spe cifinally ed By also defining the surface
roughness of semi-br Ni. diating while defining macroscopic surface
roughness of the steel. sheet. obt.ained by roiling, it is possible to
prevent the generation of scratches on. a wall of a. can. or the generation
of seizure to a mold, [ 0 0 2 1 I         semi-bright. plating is
characterized by forming a harder f.LLaythian Ipla.ting" }?u rther S r g
[Dia ting is also characterized in that oxidization advances slowly
compared to bright Ni plating and. hnnce, the contact resistance is not
increased thus preventing semi ehq ,.gnt platini from adversely influencing
battery characteristics, Rocordingly, semi-bright plating is suitable for
acquiring both press formability and battery characteristics" It: s
preferable that :surfer,- 1- cughnessaf eic sht. Ni plating be measured by
an atomic force microscope.         Al t huLigh t sH:H3 alsoamethodwhicho
is serve s: such surfaoe. roughness by an electron microscope, it is
difficult for an electron microscope to express the surface roughness with
numerical values in view of irregularities and accuracy in measurement. The
measurement. uoing a traceable roughness gauge or a  laser microscope :Ls
also difricuLt rom a viewpoint at accuracy in measurement.
Accordingly, surface roughness after semi-bright Ni plating Is measured
using an atomic force microscope (surface roughness measured using the
atomic force microscope being referred to as "surface roughness Ra'"), and
surface roughness Pa! of semi-bright plating is set toava.lue which falls
within a range from. 5 to 22nm on. a surface of a semi-bright plating film
having an. area of 2.5pmx2.5pxl.         When surface roughness Pa' exceeds
22nm, scratches are liable to be generated on a wall of a can or seizure is
liable to be generated on a mold. On the other hand, when surface roughness
Pa/ is smaller than Onm, the electric resistance of an Ni plating film due
to oxidizatipn of the Ni plating film is increased thus lowering battery
characteristics. Accordingly, surface roughness Pa' having such values is
not preferable. 



[00221 <Forming of battery can>         Next, a battery can is formed using
a Ni-plated steel sheet of this embodiment.         Although a size of the
battery can. is not soec1f1cal1v limited, AA, AAA are main sizes used.
A method of forming a oat t r "y7 can is forming by drawing. A press liquid
of low viscosity or water-soluble .a.mulsion is used as a press
lubrication:material. ANL-plated steel. sheet is formed into a. drawn cup
in a. first step and, thereafter, the  cup is formed so as to have a
diamet.er of a battery. can throu.kgh drawing in three to six stages in
total, and the cup is formed into a. battery can througn farther tour
stages.           AS a press forming con.aition, the battery can is
f.orm,ad such that. a thickness of a can wail gracftuilly becomes equal in
the c.j.irection towart an. Opz-rnirIcz par t.'the ba t. cry can an. which
a negative pole cap is mounted from a bottom (positive pole termi.nal part)
of the battery. can         As a material of the mold usea for such press
forming, sintered hard alloy is preferably. used. However,- themaiterial of
the mold is not specifically limited in this effixxiiment, ff.aterials
described in Table I can be used. ;Table 1J Cell:L;., MC 6. 932,,
Ic.ic4":Ci 049440 3 i 40;  z ' c. TT 9241C-Mo. 14.0 'sthsci    ' 96 '3:42 2
" 



2.3 , s"s, GPs 4 , , 4 , 6 S 4 `Soul-1.s' s (Si's 000 530 040 314
tharp.,57-- caav:u.ca: 9,2 0.2 2:5"1  c.lassi.f led in two kinds of
'lubricants h.avi.ng low concentration, thata.1,abricant.
water-soluble-emulsion-type lutticant.           As the mineral-oil.-baseti
lubricant, a lubricant having low viscositv where kinematic viscosity
(40''2) is 407.-mirY/s less is used. The reason the lubricant having low
viscosity is. used is that cleaning with a neutral surface active agent can
be performed without requiring an organic soivent or alkali 0-Lc:at-ling in
a cleaning step atiteX7 .i0ritlincf a. battery can and hence r the
lubricant. works extremely significantly in terms of an environmental load
as well as a cost. 



Tt is also possible to add a slight ameunt of additive such as. .mdlybdendm
to the ltior-.Lcant,td.i.s embodiment, the condi t ionsthe lubricant.
having LOWis required to satisfy. are listed. in Table 2, [00251 [Table 2]
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examples are listed.         Such a water-soluble-a:mai:3 Li. on-type
lubricant can use not water in cleaning after manufacturing a can and
hence, cleaning which takes into account: an environ.ment can be easily
performed without using an organic solvent, <Composition examples of
water-soluble emulsion> componentblendingspecific name ore omponent
rflinerai oil or fatty aeid mineral oil40-50%- ester higher
alcoholln%t--butyl alcohol surface--activeanionic or nonionic 5%
agentsubfne -active agent: a I kanolamine5-10%triethanolaffine
anti-corrosion agent water I% balance benotriazele           Liquid having
the above-mentioned camposition is mixed, and is furthermii with water
until t tie- on ce nt rat ion becomes 2 to 10% thus prochacing
water-soLunde eacilstLan. Examples [0028i         The present invention is
explained hereinafter in fars.:ner detail using examples and comparison
examples. <Examples>         A low carbon aluninum-lailed steel sheet
having a sheet tlyLekiva. 5 5 of. 0 . 2.5r.mit which is manufactured
through cold-rolling and annealing is used as an original sheet. 



The composition of a steel sheet which constitutes the ordginal sheet. is
as follows,          C.: 0,045%, Mn:0,23%, Si: 0.02%, P: 0.012%, 53:
0"009%, Al: 0.063%, N: 0.0036%, balance: Fe and inevitable impurities
The above-mentioned steel sheet is subjected to alkali electrolytic
cleaning,: and pickling by inners:ion into a sulfur if:. acid and,
thereafter, Ni plating is applied to the steel sheet using a watt. bath
with a Ni coating weight. of P to 'agim2.         After performing Ni
plating, curitinuous annealing is performed within a temperature range from
600C to 700C for 3-0 seconds to 120 seconds thus thermally diffusing Ni in
the Ni plating layer and Fe in the steel. sheet whereby two layers
CC/MSis-Ling of the Fe-Nr: diffusion layer and the softened Ni layer are
formed.         Next., teraper roiling is performed. such that with respect
to rougthness of a surface of the steel sheet which, becomes an cuter.
surface of a can, average roughness Pa. becomes 1.0mm or more and 2.0mm or
legs, and a maximum height Ry becomes Smm or more and 20pJt or less.
Further, semi -bricftit plating is ,apolied.tosue. sheet by an amount of
Sq/m2 or more thus manufacturing an Ni-plated steel sheet for a. battery
can.         After re-plating, roughness of: a surface of the steel sheet
is again, measured, and it is confirmed that average roughness Pa is lf Omm
or more and 2.0mm or less, ends maxim= height Ry is 5Em or more and 20mm or
less.         A semi-bright Nni. plating film formed by re-plating is
measured at 10 points in the measurement of surface roughness within a
measurement range of 2, 5.nmx2 51.;rn using an atomic forci,  microscope
(scanning-type .probe TiCros cope NanbScepeiii made    Dig it_a Inst.(
ament.s ) , and, .1 1.s confirmed that. the plated .1:L.13:EttEi
semi-brigttt biz:Lb having surface :roughness Rat within 5 Iso 20rmic and a
graz.n size of the Ni-plating film. surface layer is smaller than a grain.
size of matte plating,         NJ_ paated steel. sheets of eaMm):Mmients 1
to 15 wtd..ch are prepared by charg',..ng prepar::nq conditions as
described above are shown in Table 3. 1.00'29.1 ;Table .31;    727o :1;716
77796 7.196 0:7 9.7.799 1.77,7,99r ar7:77. 677. 



1912 1: 2, -- 0 I-191016"  :906W:69.66 91 6,9'.6.=611 Sz 9761.171:
7:99:77.0.7:77 7-7 1.71:::::79.7   79.hic .2-7.:21f2: .1'; 3 12)
::799797767.7:99.ye or 77.99:7972:979=sy79,797,9 601zurc7 7:777 7,0y1,9
7:706 6790,677.9":77919 70017771016697799.1:    143166-66.26.1D26: 



6 . C  17:91: 01021 2 2106'  6676. p 762'y    0776 0.7.77:-.11.99'71-.:
9777-7.769-s:7909ole         



1.0771 911:3 C '1917:47  22;69797 7.7777.9777a,- E   6199' 169:.7:17'71177,
.166W 1,11 TS CC  pr 2, 2+ 2772i  pi:616 661:    2;1  water-soluble:
water-soluble emulsion press liquid low viscosit,F mineral oil press liquid
of low. visepsity <COMpa risonexanojes>          In comparison examples to
S sown In Table 4, although steel sheets useo for preparing the comparison
examples and the prepa :111.011 steps are 53.111553 tarl.t..i.81.1.y equal.
to those for preparing t he examples of the present lnyentio n Ni plated
steel sheets are prepared by changing roughness of temper rolling rolls and
Ni plating conditions for re-plating from those of the examples of the
present lhvention- 



[ 0 03Q ] :Table 41    sosplurees IT.P.fsPeS.bie SOSeb..r.S.SS  sc.(stse
es; ce:  comparison examp:10 1  ocsipariscsr: examele 2 -- c00:ifparisor,
example 3  Seke .Lrr -s 



phie        "4 e:.":44\pie W4USe," eeie      :ex ape:: e  e 14.77
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water-soluble: water-soluble emulsion press liquid low viscosity; mineral
oil press liquid of low viscosity out of range of the present .inytem.
Next, .battery cans forsize alkali batteries are formed by forming the
I44.-plate.d steel sheets described in the examples and tne comparison
examples using two kinds of lubricants consisting of a mineral oil press
liquid of low viscosity and a water-soluble emulsion.         The battery
cans are formal through ben steps. As a. material for forming a. part of a
mold. which. comes into con.;.-..,2,ct with the steel sheet, a WC-Ni
material using a Ni binder (NR -8) is used. In the first step, the steel
sheet ls fcrmed into a. cup, by cupping (cup diameter: t31.42mm, drawing
ratio: 1.85, blank diameter $52.mm) , drawing is performed in second and
third steps and drawing and ironing are performed. in fourth to sixth steps
such that the cup has an outer diameter of a. battery can, and shoulder
forming, final shod:III-ler forming, step f oXT!ling and cutting of ears
are performed in seventh to tenth steos thus -141:aufa..:turing a battery
can for AR size battery having a. can  wall. thickness of 0,18mmt,
rik)evaluatetheN1.-platodsteelsheetforfOrmingabattery can, cans are
continuously manufactured, and the preseooe or. the rkm of seizure to amold
and scratches on the cans are checiced. resu tS shown in a C0.111Eln. CI a
t: Che S on can' and 'presence or noo-prosence of seizure to mold" in Tahle
3 and Table 4 respectively. <Evaluation> The Ni-plat&d steel 51TteetS of
the examples 1 to 1.5 fall within the scope of the present invention
exhibit no 'generation of scratches' and no "seizure to mold" as can be
trct.theseNi-platedsteol sheets arc used as ex<.:elik?..ht Nd-pikited
steel. shefor fanning battery cans.           On the other hand, the Ni
-plated steel sheets of the cdmparison examples I to 9 which do not fall
within the scope atone piosent invention extuUoit the 'generation of
sck.atc,Jes" and "the generation of seizure to a mold" and honce, those Ni
-plated steel sheets do not. havo practicability, Industrial applicability
Acek)rdirlq to theLlsi-lathscc,r1,:ngexcelTikant p:essfornabilLlty of the
present invention, it is possible to at the time of forndng a. battery can
by. a press is suppressed and tlho goneration of seizure to a mold. can. he
prevented. and  



'hence, the present  invention posseses an extremely high industrial
applicability  Claims :         1, A NI-plated steel crest for a battery
can having excellent press formability, w.hetein.         an Fe-Mi
diffusion layer and a softened Ni layer formed on the Fe-Ni diffusion layer
are formed on a surface of a steei. sheet corresponding to an outer surface
of the battery can,         a semi-bright Ni plating layer is formed on the
softened Ni layer,         a Ni cbatinqweight of the Fe-Ni diffusion layer
and the. softened Ni. layer formecl on the Fe-N1 diffusion layer is set
smaller than a Md coating weight of the semi-bright. Ni. plating layer,
average roughness Pa of the semi--bright Ni plating layer measured by a
traceable roughness gauge is i.Opm or more and 2.0pm or less, and a
maximum. height Ry of the semi-bright plating layer measured. by the
traceable roughness gauge. is 5pm or more and 201im or less, and
surface roughness Pa! of a surface of the semi-bright Ni plating layer in
an area of x 2.5,t.m. which is obtained by an atomic force microscope falls
within a range from 5 to 22nm"         2. The Mi -plated. steel sheet for a
battery can having excellent press formability according to claim I,
wherein the Ni coatiJloweight. of the Re -Ni diffusion layer and The
softened Ni layer formed on the Fe-Mi. diffusion layer is 5 to .g/m2, and
the Ni coating weight of the semi-bright Ni plating layer is  , or more. 


